The limitation of water resources and the remarkable increase in population should be forced research workers to find ways for saving water without significant reduction in yield. The objective of this paper is to study the interaction effect of deficit irrigation and raised bed on wheat yield, water productivity and water saving in north Nile delta, Egypt. Two field experiments were conducted at Sakha Agricultural Research Station, Kafr El-Sheikh governorate during the two successive seasons of 2012/2013 and 2013/2014. A split plot design with four replications was used. Irrigation treatments occupied the main plots, while planting methods arranged in subplots. Three planting methods were flat (traditional method, F1), bed 70cm wide (F2) and raised bed 140cm wide (F3). Four deficit irrigation treatments were irrigated every 21 days (farmer treatment, I1); the second one after 60% (I2) , the third one after 70% (I3) and the fourth one after 80% (I4) depletion of available soil moisture (ASMD).
INTRODUCTION
In Egypt, water is a scarce natural resource, of which the agricultural sector uses about 85%.The country's main source of water is the Nile. Its share of the Nile water is 55.5 billion m 3 year -1
. Egypt receives low rainfall that averages about 1.0 milliard m 3 year -1 (about 100-200 mm year -1 in the northern coastal area in which few winter crops can be grown). El-Sabbagh et al,. (2002) showed that seasonal water consumptive use rates were 39. 70, 35.72 and 29.79 cm for the treatments irrigated at 45, 65 and 85% SMD, respectively. They showed that seasonal water consumptive use increased with the decrease of irrigation intervals. Wheat plants extracted about 80.06 and 19.94% of its water requirements from the first upper 30 cm soil surface layer and the second 30 cm soil layer, respectively, when plants irrigated at 45% SMD. El-Bably, (1998) found that values of water consumptive use were 38.50, 31.56 and 24.16 cm for the 50, 70 and 90% soil moisture depletion, respectively. Abul-Naas et al. (2000) indicated that wheat plants received four irrigations significantly out yielded those received three, two or one irrigation.
Plant production per given amount of water should be basis for organizing possibilities and invests to increase water profitability (Fereres and Soriano, 2007; Blum, 2009) . The necessity of planning to increase the water use efficiency is inevitable from world population growth and water amount.
Deficit irrigation is a water management method in which water will be saved with accepting little yield reduction without any severe damage to the plant (English 1990) . Medium stress may be a delay in irrigation for a few days or reduced water consumption in each irrigation, but plant shouldn't encounter severe drought stress at any mentioned situation. El-Sabbagh et al. (2002) showed that maximum water use efficiency was recorded from infrequent irrigation every 35 days. Depths of water table modify greatly the irrigation requirement. When water table is very shallow, soil waterlogging limited the root growth of winter wheat due to the reduced oxygen concentration of the soil (Brisson et al., 2002) . In general, water table contribution decreases with the increase of water table depth or irrigation quantity, or the reduction of irrigation spacing (Ayars et al.,2006) . When water table is very shallow, irrigation may be eliminated to maximize water table contribution and avoid waterlogging problem.
Bed planting systems have been used in cultivation for centuries. The origin of raised bed cultivation has traditionally been associated with water management issues either by providing opportunities to reduce the impact of excess water in rainfed conditions or to more efficiently deliver irrigation water in high production irrigated systems (Sayre, 2003) . Hobbs et al. (2000) reported that raised-bed planting contributes significantly to the improvement of water distribution and efficiency, and increases fertilizer-use efficiency and reduces weed infestation, lodging and seed rate without sacrificing yield.
The objective of this study is to investigate the mutual effect of deficit irrigation and raised bed technique on wheat and water productivity growing in north delta, Egypt.
MATERIALS AND METHODS
A field experiment was carried out during the two successive wheat growing seasons of 2012/2013 and 2013/2014 Weather data for the experimental site were obtained from Sakha agrometeorological station are presented in Table 1. A split plot design with four replications was used. planting methods occupied the main plots, while Irrigation treatments arranged in sub-plots. The planting methods were flat (traditional method, F1), raised bed 70cm wide (F2) and 140cm wide (F3). Sub plots were devoted to deficit irrigation treatments, the first one was every 21 days (farmer treatment, DI 1 ) ;the second one after 60% (DI 2 ) , the third one after 70% (DI 3 ) and the fourth one after 80% (DI 4 ) depletion of available soil moisture (ASMD) irrigation. Each individual plot was 7m × 7.5 m= 52.5 m 2 No. of plots = 4×3×3=36 plots.
Irrigation scheduling
Irrigation scheduling was based on the percentage depletion of available soil water in the root zone. The available soil water was taken as the difference between root zone water storage at field capacity and permanent wilting point. The maximum allowable depletion (MAD) values of the available soil water were fixed at 60, 70 and 80%. Using the data of soil moisture measured by gravimetric measurement, the percentage depletion of available soil water in the effective root zone was estimated by the equation (Martin et al., 1990) ,
Where n is the number of sub-divisions of the effective rooting depth used in the soil moisture sampling, F.c is the soil moisture at field capacity for layer, Ø is the soil moisture in layer and Pw is the soil moisture at permanent wilting point.
Control and seasonal water applied (Wa):
The amount of water applied after the attainment of predefined , maximum allowable depletion ( MAD) was calculated as:
…… (Martin et al., 1990 ) Where: V d is the volume of irrigation water, R is the effective rooting depth and A is the surface area of the plot.
The surface area of each plot was 52.5 m 2 . Each 7.5m x 7.0m plot was made to small basins, which was furrowed and each furrow was fed individually. Measured amounts of water were applied to the furrows using a constructed rectangular weir with a discharge of 0.01654 m 3 sec -1 at effective head of 10 cm.
Soil moisture monitoring
Soil samples were taken at sowing, before each irrigation, 2 days after Irrigation or rainfall, 25 days intervals between irrigation and at the time of harvesting, from four layers (15 cm each) for each treatment. At each sampling date, duplicate soil samples were taken and were immediately packed in tightly loosed cans and transported to the laboratory, then weighed, dried in electrical oven at 105 C° for 24 hours, then weighed again and their moisture content were calculated on dry weight basis. Wheat (Triticum aestivum L.) Masr 2 variety was planted in 15 November 2012 and repeated in 2013. All cultural practices in the experimental field were the same as implemented in the area except planting methods and deficit irrigation . The soil samples were collected in 15cm increments to 60cm depth for analysis (Table, ( 2) according to Kim (1996) . To monitor water table fluctuation, nine observation wells were installed However, amounts and timing were recorded. Irrigation scheduling for other treatments was based on crop evapotranspiration (ET c ).was calculated from the reference evapotranspiration ET o and the FAO crop coefficients (Kc) for wheat (Allen et al., 1998) . ET 0 was calculated using the Penman-Monteith equation.( cropwat program) ET c was computed weekly and irrigation water was added accordingly to maintain the full water requirement for the F 0 treatment. On average, the number of irrigations was five 
Crop water use:
Crop water use is directly related to ET. The crop's water use can be determined by multiplying the reference ETo by a crop coefficient (Kc). The crop coefficient adjusts the calculated reference ETo to obtain the crop evapotranspiration ETc. Different crops will have a different crop coefficient and resulting water use.
ETc = ETo x Kc
Where ETo = calculated reference ET for grass (mm) available from www.farmwest.com Kc = crop coefficient ETc = crop evapotranspiration or crop water use (mm)
Crop coefficient Kc
Values of the Kc were quoted from FAO ( Allen et.al., 1998) . The four distinct growing stages of growing period are initial (35 days), crop establishment (60 days), mid-season (70 days) and late season (40 days). The corresponding values are 0.4, 0.75, 1.05, and 0.6 respectively. The length of growing stages of wheat identified with respect to (Allen, et al., 1998 ) 
Water consumptive use (CU):
Water consumptive use (CU) or crop evapotranspiration (ETc) of wheat was determined directly as soil moisture depletion(SMD) using the following equation (Hansen et al., 1980) . 
Contribution of the ground water table (S):
Water movement by capillary rise from water table into active plant root zone is recognized as an important supplementary water resource for irrigation. The contribution of groundwater as percentage of the consumptive use was calculated as follow:
S = [( ET c -SMD)
Where :
ET c = Crop evapotranspiration = ET 0 × K c SMD = Soil moisture depletion.
Reference evapotranspiration (ET o ):
CROPWAT for windows is a program that uses the FAO (1992) Penman-Monteith methods for calculating reference crop evapotranspiration. These estimates are used in crop water requirements and irrigation scheduling calculations. The methods supersede the older FAO 24 procedures published in 1977 which are no longer recommended as they overestimate evapotranspiration.
Fluctuation of ground water table:
In order to establish the diagram of ground water table fluctuation during the growing seasons under wheat crop, a nine observation wells were installed along different treatment. Perforated plastic tube with each observation well was two inches in diameter and two meter long. Daily reading of ground water table was recorded by the aid of a metallic sounder that fixed in a sealed tape to measure the water table depth.
Yield and yield components:
straw yield, biomass yield and wheat grain yield kg ha.
-1 at maturity were determined from central area of each subplot to avoid any effect and recorded in the two growing seasons. The grains were separated from the straw, and the grains were weighed. Grain yield was calculated based on the adjustment to grain moisture content of 140 g kg -1
. Biomass yield express grain plus straw yields.
Water measurements.
Water productivity (WP) was calculated according to Molden, (1997) Output derived This parameter is so-called consumptive use efficiency (Ecu) and computed according to Doorenbos and Pruitt (1975) as: Ea = (CU/Wa)*100 where: Wa = Water applied, and CU = Crop evapotranspiration or crop consumptive use.
Measurements of Yield and Water productivity:
The reductions in yield and water saving were calculated from the following equations: 
RESULTS AND DISCUSSION

Seasonal water applied (Wa)
Under the conditions of the present study, the seasonal water applied (Wa) consists of the three components; irrigation water (IW), rainfall (R) and contribution of water table ( S). Wheat as a winter crop rainfall were 344 and 442 mm in the first and second season respectively. Water applied decreased by increasing maximum allowable depletion.
Water consumptive use (CU).
The obtained results in Table ( As shown in table(5) the total number of irrigation events were 5 ,5,4 and 3 for DI 1 , DI 2 , DI 3 and DI 4 respectively, including sowing irrigation. Amounts of irrigation water (IW) throughout the two seasons for different treatments, are tabulated in Table ( 
Contribution of water table (%):
Values of contribution of water table to crop evapotranspiration during the two seasons are given in Table (6) .
Data revealed that by increasing irrigation water, less value was obtained. For the maximum irrigation water (treatment DI 1 and DI 2 ) there was no contribution from water table. For the other treatments (I 3 and I 4 ) average values of contribution are 211and 325 m 3 for first season while it was 255 and 313 m 3 for second season respectively. This slight contribution of water table was occurred during about the middle of the season. This finding indicated that by increasing the applied water in the short irrigation interval of (treatment DI 1 and DI 2 ) almost no contribution but the feeding to groundwater table took the same direction with that applied depth. Also, this feeding may be from the neighboring fields. The reason for the non contribution from water table during other periods may be attributed to the less water consumed by plants at both early and ripening stage (Eid, 1994) .
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Grain yield (kgha -1 ( Means of grain yield in kg./ha. of wheat as affected by deficit irrigation and wide furrow regime in both seasons of study are shown in Table ( 7 ,8 ) .deficit irrigation regime significantly influenced grain yield per ha. In both seasons, generally, grain yield was highest under I2 water regime as compared with the other three regimes. This occurred in both seasons. The mean grain yields for the two seasons obtained by I1, I2,I3 and I4 water regimes are 6741.336, 7231.992, 6381.336 and 5882.664 kg ha-1 in the first season while it was 7399.99 , 7954.66 , 7020.00 and 6469.34 kg ha-1. in the second season .respectively . (Table 6 ,7 ) .
Effect of raised bed:
Regarding the effect of raised bed treatments, grain yield was greater with F 3 treatment than the other two raised bed treatments. This occurred under each of the deficit irrigation regimes since the interaction between the raised bed treatment and deficit irrigation was significant (Table 7, 8) . Mean yields for the two seasons due to raised bed treatments of F 1 , F 2 and F 3 are 6304.8, 6306and 7237.9.14 kg/ha. in the first season while it was, 6735.00 , 6936.00 and 7962.00 kg/ha. .in the second season .respectively. Thus the F 3 treatment gave the highest yield. F 3 significantly increased grain and straw yields by 16 and 18% compared to F 1 ..
The highest grain yield was obtained by I 2 F 3 treatment which gave 8119.2 and 8935.99 kg/ha. The lowest yield was obtained by the I 4 F 1 treatment which gave 5508.0 and 6055.99 kg/ha in the first and second season respectively .
Deficit irrigation (DI) and water productivity (WP)
When water supplies are limiting, the farmer's goal should be to maximize net income per unit water used rather than per land unit. Recently, emphasis has been placed on the concept of water productivity, defined here either as the yield or net income per unit of water used in ET.table 9-10 show that WP increases under DI, relative to its value under full irrigation, as shown experimentally for many crops. There are several reasons for the increase in WP under DI. Small irrigation amounts increase crop ET, more or less linearly up to a point where the relationship becomes curvilinear because part of the water applied is not used in ET and is lost. At one point, yield reaches its maximum value and additional amounts of irrigation do not increase it any further. The location of that point is not easily defined and thus, when water is not limited or is cheap, irrigation is applied in excess to avoid the risk of a yield penalty. The amount of water needed to ensure maximum yields depends on the uniformity of irrigation. Under low uniformity, irrigation efficiency decreases and water losses are high. Because water cannot be applied with perfect uniformity, variations in applied water over the field are ranked and plotted against the fraction of the area. The depth of water is normalized against the required depth. Generalized relationships between applied irrigation water, ET, and crop grain yield. In addition to the factors associated with the disposition of irrigation water, WP is also affected by the yield response to irrigation.
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Yield responses to irrigation and to ET deficits have been studied empirically for decades. It turned out that it is not only biomass production that is linearly related to transpiration, but the yield of many crops is also linearly related to ET.
The design of a DI program may must be based on knowledge of this response but the exact characteristics of the response function are not known in advance. Also, the response varies with location, stress patterns, cultivar, planting dates, and other factors. In particular, many crops have different sensitivities to water stress at various stages of development, and the DI program me must be designed to manage the stress so that yield decline is minimized. However, when the yield decline, in relative terms, is less than the ET decrease, WP under DI increases relative to that under full irrigation. Nevertheless, from the standpoint of the farmer, the objective is not WP, but net income, low risk, and other issues related to the sustainability of irrigation are more important. Knowledge of the crop response to DI is essential to achieve such objectives when water is limited.
Consumptive use efficiency (Ecu):
Consumptive use efficiency reflects the capacity of roots to utilize the moisture stored in the soil between irrigation intervals. Data in Table ( 8) show that the highest value of Ecu is 74 and 72.3% (DI 4 ) in the first and second season respectively . So, the decreasing the dominator of water applied the increasing in Ecu. Such results are agreed with those reported by Doorenbos et al.(1979) who stated that the consumptive use efficiency increased with the increase of consumptive use and with the decrease in water applied.
The use of the RB technique increased water productivity from around 1.06 kg/m 3 for the farmers' usual water management practice to 1.67 kg m -3
. In general, the relationship between water productivity and yield was significant with a coefficient of determination (R 2 ). Our data showed that, for similar amounts of applied water, raised bed (RB) gave in most cases higher WP than DI. Hobbs et al. (2000) demonstrated that RB planting contributed significantly to improved water distribution and efficiency, increased fertilizer use efficiency and reduced weed infestation, lodging and seed rate without sacrificing yield. These values varied from about 2.0 Egyptian Pounds/m 3 under high water application (FT and FWR treatments) to 2.8 Egyptian Pounds/m 3 for the water saving methods (DI and RB treatments) in wheat 
